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Nowadays the reciprocating and linear compressors are used for the refrigerators. Their pump bodies are suspended 
inside the pressure vessel for the better acoustic noise and vibration isolation. But this structure is bulky, expensive 
and has big thermal losses.  
To solve these problems, a compact linear compressor with a simple internal dynamic vibration absorber 
has been developed which is lightweight, cost effective and potentially better energy efficiency than the 
conventional compressors due to the less thermal losses. 63% of the theoretical efficiency achieved from the early 
non-optimized prototype. Additionally this prototype has shown the possibility of the improved capacity modulation 





Figure 1: Conventional Reciprocating Compressor, Serrano (2002), and the LG Linear Compressor, Lee (2000) 
 
Most of the compressors used for the domestic refrigerators are reciprocating piston type, i.e. reciprocating or linear 
compressor. Their pump body is suspended inside the pressure vessel. This kind of structure has some advantage in 
acoustic noise and vibration isolation, Lee (2008), Pellegrini (2014). But there are several disadvantages due to this 
configuration. 
 Bulky and expensive. The gap between the pump body and pressure vessel is the biggest volume in this 
structure. Additional parts such as vibration durable electric lead wire/connector, discharge loop pipe and 
suspension springs needed which add substantial material cost. 
 Increased thermal losses. The hottest parts, such as discharge loop pipe and cylinder head, reside inside the 
pressure vessel, hard to radiate heat externally and cause heat up of the suction gas. 
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 Weak point for the quality assurance. Breakage of the discharge loop pipe, impact on the pump body and 
and pull out of the electric lead wire/connector during the transportation or abnormal operation. 
To solve these problems this paper propose a new linear compressor structure. The pump body has been directly 
fitted to the cylindrical pressure vessel and a set of spring and mass serially added on the back of the resonance 
spring of the linear compressor which acts as a dynamic vibration absorber. 
This linear compressor has two dominant vibrational natural frequencies due to the two moving masses, 
piston and the added vibration absorber mass. The motion of the piston and the absorber mass is in same direction 
on the 1
st
 natural frequency and opposite direction on the 2
nd
 natural frequency. So the vibration level of the pressure 
vessel is small only on the 2
nd
 natural frequency which will be used for operation. 
                              
                              Figure 2: New Linear Compressor with Internal Dynamic Vibration Absorber 
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2. COMPONENTS DESIGN 
 
                              
                             Figure 4: Linear Motor and Vibration Absorber 
 
2.1 Linear Motor 
Shtrikman (1979) type linear oscillating motor has been selected for the minimum magnetic flux leakage to the 
pressure vessel. Si-steel lamination has been arranged radially. Ring shaped winding has been placed inside the 
lamination. NdFeB magnets have been used.  
The linear motor is the most critical component for the cost of the linear compressor. The velocity of the 
moving components of the electric motor is needed to increase to decrease the size/cost of the motor. Because the 
mover of the linear compressor is directly connected with the piston, the velocity of the mover of the linear 
compressor is much slower than the motor rotor circumferential velocity of the crank driven compressors on the 
same operating frequency. To achieve similar level of material cost the operating resonance frequency of the linear 
compressor has to be higher than the crank driven compressors. 
 
2.2 Operating Frequency and Resonance Springs 
Three layers of the common helical coil springs have been placed between the motor lamination, the mover and the 
absorber mass. The springs on the center layer have nearly double stroke compared with the left and right spring 
layers. 
 This linear compressor has two resonance frequencies and the 2
nd
 resonance frequency will be used for the 
small vibration level of the pressure vessel. So this linear compressor can achieve higher operating frequency easily 
compared with the conventional single resonance frequency linear compressor.  This point is helpful to decrease 
electric motor size/cost. 
 
2.3 Refrigerant Flow and Valves 
PEEK engineering plastic composite discharge valve is placed on the top of the cylinder and a reed valve is placed 
on the top of the piston. Refrigerant flows through the axis of the compressor. This kind of axial refrigerant flow 
arrangement has benefit to reduce the thermal losses, Lilie (2016). 
 Naturally valve loss is getting bigger with the higher operating frequency. The operating frequency change 
of the linear compressor is very small compared with the wide operating frequency range of the variable rotating 
speed compressors.  The resonant operating frequency of the linear compressor changes a little with the operating 
pressure because the gas spring in the cylinder changes. The stiffness of the gas spring in the linear compressor 
cylinder is only a fraction of the total spring stiffness. So the design optimization of the valves of the linear 
compressor is more straightforward, Puff (2016), compared with the variable rotating speed compressors because of 
the narrow frequency range. So the valves of the linear compressor can be designed to the higher operating 
frequency with comparable energy efficiency. 
 
2.4 Lubrication 
A simple reciprocating type oil pump was adapted to feed lubricating oil to the piston-cylinder sliding areas. 
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2.5 Electronic Controller 
Bridge diode rectifier, IGBT switching devices and a microcontroller used for the electronic controller, Yoo (2010), 
which is very similar to the conventional BLDC motor drive used for the variable rotating speed compressors. This 
controller automatically follows up the resonance frequency of the linear compressor which is slightly changing with 
the operating pressure and stroke changes. This controller automatically detects the Top Dead Center (TDC) as the 
minimum resonance frequency position through the scanning of the resonance frequency changes around the TDC.       
                            
 
               Figure 5: a Resonance Frequency scan around TDC (negative means over-stroke) 
 
 
2.6 Capacity Modulation 
Heo (2004) presented several methods for the capacity modulation of the linear compressor, the clearance volume 
adjustment, the adjustment of mid-position of the oscillating stroke, two cylinder two stage compressions and two 
compressor methods. The clearance volume and the mid-position adjustment can be used for this single cylinder 
linear compressor.  
The clearance volume adjustment is the simplest method but the COP can decrease with the capacity 
decrease. Because the stroke of the linear compressor does not change a lot with the clearance volume changes so 
the portion of the friction and magnet movement related loss is getting bigger on the smaller capacity. The oil-less 
aero-static gas bearing can be used to minimize the friction loss and improve the capacity modulation characteristics 
of the clearance volume adjustment method with the additional complications related with the gas bearings, Hulse 
(2016). 
 The mid-position adjustment method has better capacity modulation characteristics at low capacity 
condition because the stroke and cooling capacity change proportionally. But this method needs the movement of 
the mid-position of the oscillating stroke. Naturally the mid-position changes with the change of the cylinder mean 
pressure in linear compressor. If this natural mid-position movement is not enough, we need to add active mid-
position adjustment usually apply the DC components of the electric voltage/current on the linear motor which can 
cause substantial copper losses. 
Soft resonance spring is more helpful for the easier mid-position movement with the DC electric 
voltage/current. But this can results bigger and more expensive linear motor because of the lower resonance 
frequency. This new linear compressor can achieve relatively high resonance frequency very easily because this 
compressor uses the 2
nd
 natural frequency for the operation. Additionally the three layers of the springs are more 
resilient to the mid-position movement using DC electric current. So we can get better capacity modulation 
characteristics with the smaller and cost effective linear motor. 
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                           Figure 6: typical Indicator Diagrams for Clearance Volume Adjustment 
 
 





Force on piston 
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2.7 Vibration 
The ratio of the mover (including the piston) and absorber mass greatly affects the vibration level of the pressure 
vessel. This mass ratio has to be optimized according to the stiffness ratio of the mover and absorber springs for the 
minimum vibration level. The spring stiffness of the mover spring is the combination of the mechanical springs and 
the gas spring inside the cylinder which changes with the suction/discharge pressure changes. So the vibration level 
of the pressure vessel can be minimized only for a selected pressure condition with a selected mass ratio. Figure 8 
shows the vibration changes with the absorber mass. 
The motion of the absorber mass is nearly sinusoidal as shown in Figure 3. So it only absorbs the vibration 
of the main oscillation frequency component. But the thermodynamic pressure change inside the cylinder is not 
sinusoidal and it has big second harmonic component. So the major frequency of the minimum vibration is double 
of the piston oscillation frequency as shown in Figure 8. 
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                                    Figure 8: Computer Simulation of the Vibration Level of Pressure Vessel of the prototype 
compressor with varying Mass of Vibration Absorber with 291g of Mover Mass, @TDC, @ASHRAE condition 
(0.0629/0.762MPa) 
 
The minimum level of the vibration shown in Figure 8 is less than 50 micron peak to peak which still bigger than 
most of conventional compressors. Fortunately the vibration isolation of the linear compressor is relatively 
straightforward compared with the variable speed reciprocating compressors because the linear compressor has very 
narrow operating frequency range. Additionally this linear compressor can have smaller vibration in low cooling 
capacity condition which is common operating condition for the household refrigerator because it has smaller stroke 
in that condition especially for the case of the mid-position adjustment control. 
 
2.8 Acoustic Noise 
The acoustic noise level of the prototype compressor is much higher than the conventional refrigerator compressors. 
Reduction of the acoustic noise will be one of the most serious problems to be solved for the commercialization of 
this technology because the valve impact is directly transmitted to the pressure vessel without the vibration isolation 
structure in this compressor. One encouraging thing is the conventional linear compressors in market have very good 
reputation for the acoustic noise quality because of the smooth soft starting characteristics, Lee (2000), Lee (2008), 
Pellegrini (2014). 
Pressure Vessel vibration 
(Peak to peak, micron) 
Absorber 
Mass (g) 
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3.1 Specification of the Prototype Compressor 
 
 Unit Spec. Explanations 
Diameter, piston mm 26.5 for R600a refrigerant 
Depth, piston initial assembly mm 2.5~5.0 
depth from the cylinder top,  
adjusted with the different capacity modulation method 
Mass, mover Kg 0.291 mover, piston and spring effective mass 
Mass, absorber Kg 0.2~0.3 
absorber mass and spring effective mass,  
adjusted for the minimum vibration level 
Mass, compressor Kg 4.6 
bolted test shell pressure vessel, will be much less for the 
production sheet metal formed shell 
Stiffness, body-mover spring N/m 29,820 not including the gas spring of compression cylinder 
Stiffness, mover-absorber spring N/m 18,480  
Stiffness, absorber-body spring N/m 48,730  
Diameter, linear motor mm 95.0 
pressure vessel needs some additional volume  
for the lubrication oil  
Length, compressor body mm 140.0 not include the extruded discharge cover 
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3.2 COP and Modulation Characteristics, R600a @ASHRAE (0.0629/0.762MPa) 
The COP of the early non-optimized prototype is shown in Figure 10. These two results obtained from the same 
compressor with two different initial assembly depths of the piston. Non-symmetric driving voltage has been used 
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                              Figure 11: waveform of driving voltage/current and head cover acceleration/velocity 
 
The best COP 1.82 is obtained from the piston assembled depth 4.0 mm which is the 63% of the theoretical COP 
2.89. The COP at low capacity is better on the case of smaller piston assembly depth case. But this case has smaller 
maximum cooling capacity even we tried the non-symmetric driving voltage at TDC. Improvement of the electric 









Mid-position adjustment using 
Non-Symmetric Driving Voltage 
92.4Hz 
Clearance Volume adjustment 
Symmetric Voltage 
93.8Hz 

















International Compressor Engineering Conference at Purdue, July 9-12, 2018 
During this COP test several things found which need continuous R&D for the improvement.  
 Resonance springs can be designed for the higher resonance frequency without the fatigue problem but 
discharge valve response limit the maximum allowable operating frequency in current design.  
 Windage loss is much bigger than the conventional compressors. 
 Lubrication oil storage volume is much smaller than the conventional compressors.  
 There are big higher harmonic components in electric current waveform. 





This work has shown the possibilities of the compact, energy efficient and cost effective linear compressor. But this 
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